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0 Poiymer dispersed iiquid crystal display device. 



® A polymer dispersed liquid crystal display de- 
vice includes an active element substrate (11) on 
which active elements (14) and pixei electrodes (13) 
are arranged in the form of a matrix, a counter 
substrate (12) having a counter electrode (20) 
formed on a surface, of the counter substrate (12), 
opposing the active element substrate (11), and a 
polymer dispersed liquid crystal film (30) arranged 
t)etween the active element substrate (11) and the 
N counter substrate (12) and formed by dispersing a 
^ polymer resin (31) and a cholesteric liquid crystal 
^ (32). The cholesteric liquid crystal (32) is in a ran- 
^ domly aligned state to be twisted at a specific helical 
00 pitch in the absence of an electric field. When an 
1^ electric field is applied across the pixel electrodes 
^ (13) and the counter electrode (20), the cholesteric 
^ liquid crystal (32) is aligned along the electric field. 
O and the polymer dispersed liquid crystal film (30) Is 
set in a light-transmitting state, thereby setting a 
III display in a bright state. When the application of the 
electric field is stopped, the cholesteric liquid crystal 
(32) is restored, within a short time, to a randomly 



twisted/aligned state by the restoring force of the 
cholesteric liquid crystal (32), and the polymer dis- 
persed liquid crystal film (30) is set in a light- 
scattering state, thereby setting a display in a dark 
state. When a dichroic dye Is added to the 
cholesteric liquid crystal (32), the dark display iDe- 
comes dark, thereby Increasing the contrast of an 
image. 
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The present invention relates a polymer dis- 
persed liquid crystal display device and, more par- 
ticularly, to a polymer dispersed liquid crystal dis- 
play device having a high response speed and 
capable of displaying an image having a high con- 
trast. 

As a liquid crystal display device, a polymer 
dispersed liquid crystal display device has received 
a good deal of attention. A polymer dispersed 
liquid crystal display device is constituted by: a 
pair of substrates respectively having electrodes 
formed thereon; and a polymer dispersed liquid 
crystal film (a composite film consisting of a poly- 
mer resin and a liquid crystal) arranged between 
the pair of substrates and having a structure in 
which the polymer resin and the liquid crystal are 
dispersed. 

As a liquid crystal constituting a polymer dis- 
persed liquid crystal film, a nematic liquid crystal 
having positive dielectric anisotropy is used. 

FIGS. 13A and 13B are enlarged sectional 
views respectively showing portions of the polymer 
dispersed liquid crystal film of a polymer dispersed 
liquid crystal display device. The polymer dis- 
persed liquid crystal film shown in FIGS. 13A and 
13B has a structure in which a nematic liquid 
crystal 102 is confined in spaces of a polymer 
resin 101 having a mesh-like sectional structure. 

When no voltage is applied across the elec- 
trodes of both the substrates, an electric field is not 
applied to the polymer dispersed liquid crystal film. 
In this state, molecules LM of the nematic liquid 
crystal 102 in the polymer dispersed liquid crystal 
film have random directions, as shown in FIG. 13A. 

In this state, the refiractive indexes of the poly- 
mer resin 101 and the nematic liquid crystal 102 
are different from each other, light incident on the 
liquid crystal display device is refracted and scat- 
tered at the interface between the polymer resin 
101 and the nematic liquid crystal 102 and then 
scattered by the liquid crystal molecules LM having 
various directions. For this reason, a display t>e- 
comes dark (turbid state). 

When an electric field is applied across the 
electrodes of both the substrates, the molecules 
LM of the nematic liquid crystal 1 02 in the polymer 
dispersed liquid crystal film are uniformly aligned 
in tiie direction of the electric field as shown in FIG. 
13B, i.e.. in the direction almost perpendk:ular to 
the major surfaces of both the substrates. For this 
reason, the refractive index of the nematic liquid 
crystal 102 becomes almost equal to the refractive 
index of the polymer resin 101. Therefore, incident 
light is transmitted through the polymer dispersed 
liquid crystal film while almost no incident light is 
scattered, resulting in a bright display. 

As described above, in the polymer dispersed 
liquid crystal display device, scattering and trans- 



mission of light in the polymer dispersed liquid 
crystal film are controlled by controlling a voltage 
applied across the electrodes, thereby displaying 
an image. 

5 This polymer dispersed liquid crystal display 

device can display an image (bright/dark image) 
without using a polarizing plate. Therefore, unlike a 
generally used TN type liquid crystal display de- 
vice or the like, an amount of light is not lost by 

10 optical absorption of a polarizing plate. Therefore, a 
screen brighter than that of a TN type liquid crystal 
display device can be obtained. 

However, a conventional polymer dispersed liq- 
uid crystal display device has a low response 

IS speed, and a display image disadvantageously has 
a low contrast. 

First, in consideration of the problem of a low 
response speed, when an electric field is applied, 
the liquid crystal molecules LM of the nematic 

20 liquid crystal 102 used in the polymer dispersed 
liquid crystal film are aligned in the direction of the 
electric field within a relatively short time in accor- 
dance with the strength of the applied electric field. 
However, when the application of the electric field 

25 is stopped, and the at)sence of an electric field is 
set, the direction of the liquid crystal molecules LM 
cannot be controlled by an electric field. For this 
reason, the state of the liquid crystal molecules LM 
is naturally returned to randomly aligned state. 

30 Therefore, it takes a long time to change the state 
of the display firom a bright state to a dark state. 

In this manner, a conventional polymer dis- 
persed liquid crystal display device has a high 
response speed at which the state of the display is 

35 changed from the dark state to the bright state but 
a low response speed at which the state of the 
display is changed firom the bright state to the dark 
slate. Therefore, for example, a multiplex-driven 
liquid crystal display device cannot t>e easily time- 

40 sharing-driven at a high duty ratio. 

In consideration of the problem of the low 
contrast of the display image, the molecules LM of 
the nematic liquid crystal 102 tend to be aligned 
along the inner surface of the polymer resin 101 in 

45 the absence of an electric field. For this reason, 
even when the molecules LM have random direc- 
tions, the liquid crystal molecules LM are partially 
aligned in almost the same direction near the inter- 
face between the polymer resin 101 and the 

50 nematic liquid crystal 102 as shown in FIG. 13A. 

For this reason, in a conventional polymer dis- 
persed liquid crystal display device, the difference 
t>etween the refractive indexes of the nematic liquid 
crystal 102 and the polymer resin 101 is small in 

55 the absence of an electric field. Therefore, the 
scattering efficiency of light is low. and the dark- 
ness of a dark display is insufficient, resulting in a 
display having a low contrast. 
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It is an object of the present invention to pro- 
vide a polymer dispersed liquid crystal display 
device having a high response speed at which the 
state of a display Is changed from a dark state to a 
bright state and a high response speed at which 
the state of a display is changed from the bright 
state to the dark state. 

It is another object of the present invention to 
provide a polymer dispersed liquid crystal display 
device comprising a polymer dispersed liquid cry- 
stal film having a high light-scattering efficiency in 
the at>sence of an electric field. 

It is still another object of the present invention 
to provide a polymer dispersed liquid crystal dis- 
play device capable of displaying an image having 
a high contrast. 

In order to achieve the above objects, a poly- 
mer dispersed liquid crystal display device accord- 
ing to the first aspect of the present invention 
comprises: 

a pair of substrates arranged to oppose one 
another and electrodes respectively formed on of>- 
posing surfaces of the pair of substrates; and 

a polymer dispersed liquid crystal film ar- 
ranged between the pair of substrates and formed 
by dispersing a polymer resin and a cholesteric 
liquid crystal. 

In order to achieve the above objects, an active 
matrix polymer dispersed liquid crystal display de- 
vice according to the second aspect of the present 
invention comprises: 

a first substrate on which active elements and 
pixel electrodes respectively connected to the ac- 
tive elements are arranged in the form of a matrix; 

a second substrate arranged to oppose the first 
substrate and having a counter electrode formed 
on a surface, of the counter substrate, opposing the 
first substrate; and 

a polymer dispersed liquid crystaJ film ar- 
ranged between the first substrate and the second 
substrate and formed by dispersing a polymer res- 
in and a cholesteric liquid crystal. 

The cholesteric liquid crystal may contain a 
dichroic dye. 

In the polymer dispersed liquid crystal display 
devices according to the first and second aspects 
of the present invention, a cholesteric liquid crystal 
is used as a liquid crystal. The cholesteric liquid 
crystal has the lowest energy when the cholesteric 
liquid crystal forms a twisted structure having a 
period of a predetermined pitch. For this reason, in 
the al)sence of an electric field, the cholesteric 
liquid crystal is aligned to be twisted at a period of 
a predetermined pitch. 

When an electric field is applied to the 
cholesteric liquid crystal, the cholesteric liquid cry- 
stal is aligned almost perpendicular to a substrate 
surface at a speed depending on the strength of 



the electric field. On the other hand, when the 
application of the electric field is stopped, the state 
of the cholesteric liquid crystal is returned to a 
twisted/aligned state so as to decrease the energy 

5 of the liquid crystal. For this reason, the polymer 
dispersed liquid crystal display device of the 
present invention has a high response speed at 
which the state of the display is changed from a 
dark state to a bright state and a high response 

10 speed at which the state of the display is changed 
from the bright state to the daric state. For this 
reason, a polymer dispersed liquid crystal display 
device having a total high response speed can be 
obtained. Therefore, for example, in the active ma- 

75 trix liquid crystal display device, a write time can 
be shortened, and a frame frequency can be in- 
creased. In addition, a multiplex-driven liquid cry- 
stal display device can driven at a high duty ratio. 
Since liquid crystal molecules are set in a 

20 twisted/aligned state in the absence of an electric 
field, the randomness (degree) of alignment of liq- 
uid crystal molecules is high, and the difference 
between the refractive indexes of the polymer resin 
and liquid crystal constituting the polymer dis- 

25 persed liquid crystal film is large. For this reason, 
the scattering efficiency of Incident tight is high, 
and a display can be made sufficiently dark. There- 
fore, a display image having a high contrast can be 
obtained. 

30 In addition, when a dichroic dye Is added to a 

cholesteric liquid crystal, a dark display can be 
made darker, and a display image having a higher 
confrast can be obtained. 

This invention can be more fully understood 

35 from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

FIG. 1 Is a sectional view showing a polymer 

dispersed liquid crystal display device according 
40 to an embodiment of the present invention; 

FIG. 2 Is a plan view showing the arrangement 

of an active element substrate; 

FIG. 3 Is a view showing the arrangement of a 

fluorescent film; 
45 FIG. 4A is an enlarged view showing part of the 

polymer dispersed liquid crystal film shown in 

FIG. 1 to explain the aligned state of cholesteric 

liquid crystal molecules In the at)sence of an 

electric field; 

50 FIG. 4B is an enlarged view showing part of the 
polymer dispersed liquid crystal film shown in 
FIG. 1 to explain the aligned state of the 
cholesteric liquid crystal molecules in the pres- 
ence of an electric field; 

55 FIG. 5A is an enlarged view showing part of a 
modification of the polymer dispersed liquid cry- 
stal film shown in FIG. 1 to explain the aligned 
state of cholesteric liquid crystal molecules and 
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a dichroic dye in the absence of an electric 
field; 

FIG. 5B is an enlarged view showing part of a 
modification of the polymer dispersed liquid cry- 
stal film shown in FIG. 1 to explain the aligned 
state of cholesteric liquid crystal molecules and 
a dichroic dye in the presence of an electric 
field; 

FIG. 6 is a sectional view showing a modification 
of the polymer dispersed liquid crystal display 
device shown in FIG. 1 to show an example in 
which fluorescent films are arranged on a coun- 
ter electrode in units of pixels; 
FIG. 7 is a sectional view showing the first 
modification of the polymer dispersed liquid cry- 
stal display device shown in FIG. 1 in which 
fluorescent films are respectively arranged on 
pixel electrodes also serving as light-reflecting 
films; 

FIG. 8 is a sectional view of the second modi- 
fication of the polymer dispersed liquid crystal 
display device shown in FIG. 1 in which fluores- 
cent films are arranged on pixel electrodes; 
FIG. 9 is a sectional view of the third modifica- 
tion of the polymer dispersed liquid crystal dis- 
play device shown in FIG. 1 in which fluorescent 
films are arranged on pixel electrodes; 
FIG. 10 is a sectional view of still another modi- 
fication of the polymer dispersed liquid crystal 
display device shown in FIG. 1 to exemplify a 
reflection polymer dispersed liquid crystal dis- 
play device having a reflecting film formed on 
the outer surface of one substrate; 
FIG. 11 is a sectional view showing the arrange- 
ment of a polymer dispersed liquid crystal film 
having an encapsulated liquid crystal; 
FIG. 12 is a sectional view showing the arrange- 
ment of a simple matrix polymer dispersed liq- 
uid crystal display device; 
FIG. 13A is an enlarged view showing part of a 
conventional polymer dispersed liquid crystal 
film to explain the aligned state of nematic liquid 
crystal molecules in the absence of an electric 
field; and 

FIG. 13B is an enlarged view showing part of a 
conventional polymer dispersed liquid crystal 
film to explain the aligned state of nematic liquid 
crystal molecules in the presence of an electric 
field. 

A polymer dispersed liquid crystal display de- 
vice according to an embodiment of the present 
invention will t>e described t)elow with reference to 
FIGS. 1 to 4B. 

The polymer dispersed liquid crystal display 
device according to this embodiment is of an active 
matrix type, and is a reflection device in which light 
incident from the upper surface of the reflection 
device is reflected by a reflecting film arranged on 



a lower suttstrate to display an image. 

The arrangement of the polymer dispersed liq- 
uid crystal display device according to this embodi- 
ment will be described with reference to FIGS. 1 
5 and 2. FIG. 1 is a sectional view showing part of 
the liquid crystal display device. Referring to FIG. 
1, an upper substrate 11 is an active element 
substrate on which active elements 14 are formed, 
and is arranged on the upper surface side of the 

10 polymer dispersed liquid crystal display device. A 
lower substrate 12 is a counter substrate opposing 
the active element substrate 1 1 , and is arranged on 
the lower surface side of the device. 

The active element sut>strate 11 is constituted 

75 by a transparent insulating substrate consisting of a 
glass plate. On the lower surface of the active 
element substrate 11, as shown in the plan view of 
FIG. 2, a plurality of transparent pixel electrodes 13 
arranged in the form of a matrix in the row and 

20 column directions and a plurality of active elements 
14 respectively corresponding to the pixel elec- 
trodes 13 are arranged. 

Each active element 14 is constituted by, e.g., 
a TFT (thin film transistor). Each TFT 14 is con- 

25 stituted by: a gate electrode 15 formed on the 
active element substrate 11; a gate insulating film 
16 covering the gate electrode 15; an intrinsic 
semiconductor film 17 consisting of a-Si (amor- 
phous silicon) or the like and formed on the gate 

30 insulating film 16 to oppose the gate electrode 15; 
and source and drain electrodes 18 and 19 formed 
on both the side portions of the intrinsic semicon- 
ductor film 17. 

A gate line (address line) GL for supplying a 

35 gate signal to the TFT 14 and a data line DL for 
supplying a data signal corresponding to image 
data to the TFT 14 are arranged above the active 
element substrate 1 1 as shown in FIG. 2. The gate 
line GL is integrally formed with the gate electrode 

40 15 of the TFT 14, and the data line DL is con- 
nected to the drain electrode 19. 

The gate insulating film 16 of the TFT 14 is 
constituted by a transparent insulating film consist- 
ing of SiN (silicon nitride) or the like. Each pixel 

45 electrode 13 is formed on the gate insulating film 
16 and has one end portion connected to the 
source electrode 18 of a corresponding one of the 
TFTs 14. 

The lower substrate 12 is constituted by an 
50 insulating sut)strate (which need not be transpar- 
ent). A counter electrode 20 opposing all the pixel 
electrodes 13 is almost entirely fonnned on the 
upper surface of the lower sut>strate 12. This coun- 
ter electrode 20 consists of a metal film or the like 
55 as of Al (aluminum) or Cr (chromium) having a high 
reflectivity and also serves as a reflecting film for 
reflecting light incident on the upper surface of the 
liquid crystal display device. 
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A fluorescent film 21 for emitting fluorescent 
light upon Incidence of light is formed on the 
counter electrode 20. The fluorescent film 21. as 
shown in FIG. 3, is constituted by: a transparent 
resin base material 211; and a granular fluorescent 
material 123 dispersed in the resin base 121. 

When a color display Is to be performed, as 
the fluorescent film 21. a plurality of fluorescent 
film sections 21 R. 21 G. 21 B for emitting fluores- 
cent light of different colors are sequentially ar- 
ranged to respectively oppose the pixel electrodes 
13. In this embodiment, the fluorescent film section 
21 R for emitting phosphorescent light of almost 
red, the fluorescent film section 21 G for emitting 
phosphorescent light of almost green, and the flu- 
orescent film section 21 B for emitting phosphores- 
cent light of almost blue are sequentially anranged 
to respectively oppose the pixel electrodes 13, 
thereby making a full color display possible. 

The active element substrate 1 1 and the coun- 
ter substrate 12 are jointed at their outer peripheral 
portions via a frame-like seal member SC. In an 
area sunrounded by the seal member SC between 
the active element substrate 11 and the counter 
substrate 12. a composite film consisting of a liquid 
crystal and a polymer resin, i.e.. a polymer dis- 
persed liquid crystal film 30 is arranged. 

The polymer dispersed liquid crystal film 30 
has a structure in which a polymer resin 31 and a 
cholesteric liquid crystal 32 are dispersed. The 
polymer dispersed liquid crystal film 30. as shown 
in the enlarged views of FIGS. 4A and 4B, has a 
structure in which the cholesteric liquid crystal 32 
Is confined in spaces of the polymer resin 31 
having a network- or sponge-like sectional struc- 
ture. 

The image display operation of the liquid cry- 
stal display device having the above arrangement 
will be descrit)ed next with reference to FIGS. 1 to 
4B. 

The cholesteric liquid crystal 32 has the lowest 
intemal energy when the cholesteric liquid crystal 
32 is set in a twisted/aligned state at a specific 
pitch. In addition, liquid crystal molecules near the 
polymer resin 31 tend to be aligned along the 
surface of the polymer resin 31. 

For this reason, in the absence of an electric 
field, as shown in FIG. 4A, liquid crystal molecules 
MA are aligned in units of small areas to be twisted 
at a helical pitch p inherent in a liquid crystal, and 
the twisting axes have random directions In units of 
the smalt areas. In this state, the refractive index of 
the polymer resin 31 is different from that of the 
cholesteric liquid crystal 32. For this reason, light 
incident on the upper surface of the liquid crystal 
display device is largely refracted and scattered at 
the interface between the polymer resin 31 and the 
liquid crystal 32. In addition, the scattered light is 



also scattered by the liquid crystal molecules MA. 

Some parts of the light scattered by the poly- 
mer dispersed liquid crystal film 30 reach the flu- 
orescent film 21 (film sections 21 R. 21 G. and 21 B). 

5 Some parts of the light reaching the fluorescent 
film 21 are incident on the fluorescent material 213 
in the fluorescent film 21 to emit fluorescent light. 
Light transmitted through the fluorescent film 21 
without being incident on the phosphorescent ma- 

10 terial 213 are reflected by the counter electrode 20. 
However, a small amount of light reaches the flu- 
orescent film 21 (film sections 21 R. 21 G. and 21 B) 
and the counter electrode 20, and the amount of 
phosphorescent light emitted from the fluorescent 

75 film 21 and the amount of light reflected by the 
counter electrode 20 are small. In addition, the 
phosphorescent light emitted from the fluorescent 
film 21 and the light reflected by the counter elec- 
trode 20 are scattered while passing through the 

20 polymer dispersed liquid crystal film 30 again. 
Therefore, almost no light emerges from the upper 
surface of the polymer dispersed liquid crystal dis- 
play device, and the display becomes sufficiently 
dark. 

25 When an electric field is applied to the 
cholesteric liquid crystal 32. the liquid crystal mol- 
ecules MA. as shown in FIG. 4B, are uniformly 
aligned parallel to the electric field (perpendicular 
to the major surfaces of the substrates). 

30 In this state, the refractive index of the polymer 
resin 31 becomes almost equal to that of the 
cholesteric liquid crystal 32. Light incident from the 
polymer dispersed liquid crystal film 30 Is transmit- 
ted through the polymer dispersed liquid crystal 

35 film 30 while almost not being scattered at the 
interface between the polymer resin 31 and the 
cholesteric liquid crystal 32. and the light is re- 
flected by the counter electrode 20 also serving as 
a reflecting film, thereby obtaining a blight display. 

40 Some parts of the light transmitted through the 

polymer dispersed liquid crystal film 30 and the 
light reflected by the counter electrode 20 collide 
with the phosphorescent material 213 in the flu- 
orescent film 21 as indicated by the solid lines in 

45 FIG. 3. The phosphorescent material 213 atisorbs 
the energy of the light colliding therewith to emit 
phosphorescent light of a predetermined 
wavelength (predetermined color). Ttiis phospho- 
rescent light Is directly reflected by the phospho- 

50 rescent material 213 or reflected by the counter 
electrode 20 and transmitted through the polymer 
dispersed liquid crystal film 30 so as to emerge 
from the upper surface of the polymer dispersed 
liquid crystal display device. 

55 For this reason, the display colors become 
equal to the colors of the phosphorescent light 
emitted from the fluorescent film 21 (film sections 
21 R. 21 G, and 21 B). As described above, the flu- 
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orescent film sections 21 R, 21 G, and 21 B of dif- 
ferent colors are arranged to oppose the pixel 
electrodes 13. Therefore, the display color of each 
pixel becomes equal to the color of the phos- 
phorescent light emitted from a corresponding one 
of the fluorescent film sections 21 R, 21 G. and 21 B. 
In addition, the chromaticity of the display color 
increases with the amount of the phosphorescent 
material 213 in the fluorescent filni 21. 

Since the phosphorescent material 213 also 
emits phosphorescent light by light except for light 
having a wavelength in a visible light range, the 
phosphorescent light emitted from the fluorescent 
film 21 is light having a high luminance. Therefore, 
a bright display can be obtained in the presence of 
an electric field. 

As is generally known, in a TFT liquid crystal 
display device, during a selection period of a given 
row, a pulse voltage is applied to the correspond- 
ing gate line GL to turn on the TFTs 14 on the 
selected row, and a gradation voltage correspond- 
ing to a display gradation level is applied to a drain 
line DL at the same timing. With this operation, a 
voltage corresponding to the gradation voltage Is 
held between the corresponding pixel electrode 13 
and the counter electrode 20 until the next selec- 
tion period, and an electric field is continuously 
applied to the cholesteric liquid crystal 32. There- 
fore, the liquid crystal display device of this em- 
bodiment controls a voltage applied to the drain 
line DL during each selection period of each row to 
control the aligned states of the liquid crystal mol- 
ecules MA, thereby controlling transmission and 
scattering of light and displaying an arbitrary color 
image. 

In the polymer dispersed liquid crystal film with 
the above arrangement, in the at>sence of an elec- 
tric field, the molecules MA of the cholesteric liquid 
crystal 32, as shown In FIG. 4A. are aligned to be 
twisted at a specific helical pitch p, and twisting 
axes have random directions in units of small 
areas. In this manner, the randomness of alignment 
of the liquid crystal molecules MA Is high. For this 
reason, the refractive index of the polymer resin 31 
is largely different from that of the cholesteric liquid 
crystal 32, and incident light is largely refracted at 
the interface between the polymer resin 31 and the 
cholesteric liquid crystal 32, thereby increasing the 
scattering efficiency of light. Therefore, the display 
becomes sufficiently dark. 

In the presence of an electric field, the liquid 
crystal molecules MA are uniformly aligned per- 
pendicular to the major surface of the substrate as 
in the prior art. Therefore, the refractive index of 
the cholesteric liquid crystal 32 becomes almost 
equal to that of the polymer resin 31, and incident 
light is transmitted through the polymer dispersed 
liquid crystal film 30 while almost no incident light 



is scattered, thereby making a display bright. 

Therefore, according to this emt>odiment, a col- 
or image having a dark display darker than that of 
the prior art and a bright display brighter than that 

5 of the prior art can be displayed at a high contrast. 
When an electric field Is applied to the 
cholesteric liquid crystal 32, depending on the 
strength of the applied electric field, the cholesteric 
liquid crystal 32 Is aligned In the direction of the 

10 electric field within a relatively short time. When 
the application of the electric field is stopped, a 
twisting force strongly acts between the liquid cry- 
stal molecules. For this reason, the aligned state of 
the liquid crystal molecules is quickly returned to a 

75 twisted/aligned state. Therefore, in the polymer dis- 
persed liquid crystal display device of the present 
invention, both of a response speed at which a 
dark display changes to a bright display and a 
response speed at which a bright display changes 

20 to a dark display are high. A liquid crystal display 
device having a total high response speed can be 
obtained, and a write time for each pixel can be 
shortened to increase a frame frequency, thereby 
smoothly displaying a dynamic Image or the like. 

25 The helical pitch p of the cholesteric liquid 
crystal 32 is preferably shorter (more preferably, 
sufficiently shorter) than a mean diameter d of a 
liquid crystal portion (liquid crystal domain) 33 of 
the polymer dispersed liquid crystal film 30. e.g.. a 

30 space In which the liquid crystal 32 of the polymer 
resin 31 is confined. If the helical pitch p of the 
cholesteric liquid crystal 32 and the mean diameter 
d of the liquid crystal portion 33 satisfy p < d, as 
shown in FIG. 4A. a plurality of domains respec- 

35 tively having helical axes of different directions are 
formed In the liquid crystal portion 33. For this 
reason, light can be more effectively scattered. 

In the liquid crystal display device of the em- 
bodiment, the counter electrode 20 is constituted 

40 by an electrode also serving as a light-reflecting 
film. The fluorescent film 21 which emits phos- 
phorescent light when light Is incident on the flu- 
orescent film 21 is formed on the counter electrode 
20. For this reason, light incident on the upper 

45 surface of the polymer dispersed liquid crystal dis- 
play device is reflected by the counter electrode 20 
without being transmitted through the counter sub- 
strate 12, and the reflected light Is transmitted 
through the fluorescent film 21 to cause the flu- 

50 orescent film 21 to emit phosphorescent light. For 
this reason, a bright display becomes brighter by 
the phosphorescent light. Therefore, since a dark 
display becomes darker as described at)ove, a 
display having a high contrast can be obtained. 

55 More specifically, this polymer dispersed liquid 
crystal display device can obtain a display much 
brighter than that of a liquid crystal display device 
using a conventional color filter which transmits 
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only light having a predetenmined wavelength but 
absorbs light having a wavelength other than the 
predetermined wavelength. 

A method of manufacturing the active matrix 
liquid crystal display device having the at)ove ar- 
rangement will be described next. 

Rrst, a metal film is deposited on the active 
element substrate 11. The metal film is then pat- 
terned to form the gate electrodes 15 and the gate 
lines GL. An insulating film consisting of SiN or the 
like is deposited on the entire surface of the active 
element sut>strate 11 by the GVD method or the 
like to form the gate insulating film 16. An intrinsic 
semiconductor such as a-Si is deposited on the 
gate insulating film 16 by the CVD method or the 
like. This semiconductor film is pattemed to form 
the semiconductor films 17 each opposing the gate 
electrode 15. Thereafter, the source and drain elec- 
trodes 18 and 19 which are in contact with the 
semiconductor film 17 are formed. Furthermore, 
the drain lines DL connected to the drain elec- 
trodes 19 are formed. 

A light-transmitting conductive film consisting 
of ITO (Indium Tin Oxide) or the like is formed on 
the entire surface of the active element substrate 
11 by sputtering or the like, and this conductive 
film is pattemed to form the pixel electrodes 13 
each connected to the source electrode 18. 

A film consisting of a light-reflecting conductive 
material such as aluminum, chromium, or the like is 
formed on the counter substrate 12. This film is 
pattemed to form the counter electrode 20. 

A film obtained by mixing a photo-setting trans- 
parent resin material for, e.g., the resin basB ma- 
terial 211 of the fluorescent film 21 and the fluores- 
cent material 213 for emitting fluorescent light hav- 
ing a predetenmined color, e.g.. red. at a predeter- 
mined ratio is coated on the entire surface of the 
counter substrate 12 by spin coating, printing, or 
the like to have a predetermined film thickness. 
Thereafter, ultraviolet rays or the like are radiated 
on the transparent resin material to pattern it into a 
predetermined shape, thereby forming the red flu- 
orescent film sections 21 R in ttte form of a matrix. 
Subsequently, a mixture of a transparent resin ma- 
terial and the green fiuorescent material 213 is 
coated on the entire surface of the counter sub- 
strate 12 and pattemed to form the green fluores- 
cent film sections 21 G in the form of a matrix. The 
blue fiuorescent film sections 21 B are also formed 
In the same manner as described above. 

The active element substrate 1 1 and the coun- 
ter substrate 12 are joined to each ottier via the 
sealing member SC. A solution mixture of a pwly- 
meric material which causes a polymerization reac- 
tion when it is Irradiated with light and a cholesteric 
liquid crystal is injected and filled between the 
active element substrate 11 and the counter sub- 



strate 12 via an opening formed in a portion of the 
seal member SC by a vacuum injection method. 
Ultraviolet rays are radiated on the solution mixture 
filled t>etween the substrates 11 and 12 firom the 

5 active element substrate 11 side. Upon radiation of 
the ultraviolet rays, a radical polymerization reac- 
tion takes place in which the double bonds of the 
polymeric material in the form of a monomer or 
oligomer dissociate into radicals, and radicals of 

10 adjacent molecules combine. As a result, the poly- 
meric material becomes the polymer resin 31. In 
the process of this reaction, phase-separation of 
the polymer resin 31 and the twisted/aligned 
cholesteric liquid crystal 32 takes place. As a re- 

75 suit, the formed polymer resin 31 has a sponge- or 
network-like sectional structure, and the liquid cry- 
stal 32 is confined in spaces in the polymer resin 

31 , thus forming the polymer dispersed liquid cry- 
stal film 30 composed of the liquid crystal and the 

20 polymer resin and having atwve-described struc- 
ture. The injection opening formed in the sealing 
member SC is sealed after the solution mixture is 
filled or the polymer dispersed liquid crystal film 30 
is completed. Note that this method of fonnning the 

25 polymer dispersed liquid crystal film 30 is called a 
photopolymerization phase-separation method. 

The reflection active matrix color polymer dis- 
persed liquid crystal display device having the ar- 
rangement shown in FIG. 1 is completed by the 

30 above process. 

The above-described manufacturing method is 
an example, and other manufacturing methods may 
be employed. 

In the polymer dispersed liquid crystal display 

35 device with the above arrangement, a guest-host 
type liquid crystal display device is obtained by 
adding a dichroic dye to the cholesteric liquid 
crystal 32. In this case, scattered light in the ab- 
sence of an electric field Is absorbed by the dich- 

40 role dye. Therefore, a dark display can be close to 
black, thereby increasing the contrast of the dis- 
play image. As a dichroic dye, a two-tone black 
dye such as an azo or anthraquinone dye having 
positive absorption anisotropy is preferably used. 

45 The content of the dichroic dye with respect to the 
cholesteric liquid crystal is preferably set to be 
atjout 0.5 to 8 wt%. 

FIGS. 5A and 5B are enlarged sectional views 
respectively showing portions of the polymer dis- 

50 persed liquid crystal film 30 having a structure in 
which a dichroic dye is added to the cholesteric 
liquid crystal 32. The polymer dispersed liquid cry- 
stal film 30 has a structure obtained by dispersing 
the polymer resin 31 and the cholesteric liquid 

55 crystal 32 to which a two-tone black dye is added. 

As in this embodiment, when ttie two-tone 
black dye is added to the cholesteric liquid crystal 

32, in the at>sence of an electric field, as shown in 
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FIG. 5A. dtchroic dye molecules MB are set in an 
almost twisted/aligned state in accordance with the 
twisted alignment of the molecules MA of the 
cholesteric liquid crystal 32. and the molecules MB 
have mean random directions. For this reason, 
when incident light is transmitted through the poly- 
mer dispersed liquid crystal film 30. the light Is 
scattered due to the difference between the refrac- 
tive indexes of the polymer resin 31 and the liquid 
crystal 32, and most of the scattered light is ab- 
sort>ed by the dichroic dye molecules MB. There- 
fore, the display becomes an almost black display. 

On the other hand, when an electric field Is 
applied to the polymer dispersed liquid crystal film 
30. as shown in FIG. 5B, the dichroic dye mol- 
ecules MB are almost vertically aligned with the 
vertical alignment of the molecules MA of the 
cholesteric liquid crystal 32. For this reason, in the 
presence of an electric field, almost no light trans- 
mitted through the polymer dispersed liquid crystal 
film 30 is at>sort>ed by the dichroic dye molecules 
MB. 

For this reason, when a dichroic dye is added 
to the cholesteric liquid crystal 32. the dark display 
becomes darker than the dark display of the ar- 
rangement in FIG. 1, and the bright display Is 
almost equal to that of the arrangement in FIG. 1. 
Therefore, the contrast of the display image be- 
comes higher. 

In the above embodiment, in order to display a 
bright color image, the fluorescent film sections 
21 R. 21 B, and 21 B of different colors are arranged 
on the counter electrode 20. However, the fluores- 
cent film 21 for emitting monochromatic phospho- 
rescent light may be arranged on the counter elec- 
trode 20. In this case, although a color image 
cannot be displayed, a bright monochromatic Im- 
age can be displayed because the fluorescent film 
21 absort^ visible light and invisible light such as 
ultraviolet rays to emit phosphorescerrt light of a 
predetermined color. 

In the above embodiment, although the fluores- 
cent film 21 (film sections 21 R, 21 G. and 21 B) is 
formed on the counter electrode 20, for example, 
as shown in FIG. 6, each of the fluorescent film 
sections may be arranged in each pixel area on the 
counter electrode 20. 

In addition, the fluorescent film 21. as shown In 
FIGS. 7 to 9, may be anranged on the active 
element substrate 1 1 side. 

In the arrangement of FIG. 7, the counter elec- 
trode 20 is constituted by a transparent electrode 
consisting of ITO or the like, and each pixel elec- 
trode 13 is constituted by a light-reflecting elec- 
trode consisting of aluminum, chromium, or the 
like, is formed on the gate insulating film 16, and 
also serves as a light-reflecting film. The fluores- 
cent film 21 (film sections 21 R, 21 G. and 21 B) is 



formed on the pixel electrodes 13. The counter 
substrate 12 serving as a substrate on which light 
Is incident is constituted by a transparent substrate, 
and the active element substa-ate 11 need not be a 

5 transparent substrate. 

In the arrangement of FIG. 8, the counter elec- 
trode 20 is constituted by a transparent electrode 
consisting of ITO or the like, and an insulating 
protective film 41 is formed on the Tin's 14. The 

10 light-reflecting pixel electrodes 13 each consisting 
of aluminum, chromium, or the like are arranged on 
the Insulating protective tilm 41 and respectively 
connected to the source electrodes 18 via contact 
holes 42 formed in the insulating protective tilm 41 . 

15 The fluorescent film 21 (film sections 21 R, 21 G, 
and 21 B) Is arranged on the pixel electrodes 1 3. 
The counter substrate 12 is constituted by a trans- 
parent sut)strate, and the active element substrate 
11 need not be a transparent substrate. 

20 In the arrangement of FIG. 9, the counter elec- 
trode 20 and the pixel electrodes 13 are constituted 
by transparent electrodes each consisting of ITO or 
the like. The pixel electrodes 13 are formed on the 
gate insulating film 16, and the fluorescent film 21 

25 (tilm sections 21 R. 21 G, and 21 B) is formed on the 
pixel electrodes 13. Conductive light-reflecting films 
43 respectively opposing the pixel electrodes 13 
via the gate insulating tilm 16 are formed on the 
active element substrate 11. When a reference 

30 voltage is applied to the conductive light-reflecting 
films 43, compensation capacitors (storage capaci- 
tors) can be formed by the conductive light-reflect- 
ing films 43 and. the pixel electrodes 13, and the 
part of the gate insulating film 16 positioned there- 

35 between. 

In each of the arrangements of FIGS. 1 and 6 
to 9. although the fluorescent film 21 is arranged 
on the side of the reflecting subistrate. the fluores- 
cent film 21 may be arranged on a substrate on a 

40 light-incident side. In addition, the fiuorescent film 
21 need not be arranged. 

The present Invention, for example, as shown 
in FIG. 10. can also be applied to a reflection liquid 
crystal display device in which a reflecting film 45 

45 is formed on the outer surface of one of the active 
element subsb-ate 11 and the counter substrate 12. 
In this case, light-transmitting electrodes are used 
as the pixel electrodes 13 and the counter elec- 
trode 20. and transparent substrates are used as 

50 the active element substrate 11 and the counter 
substrate 12. 

In FIG. 10, the reflecting film 45 is formed by 
arranging a light-reflecting metal foil 47 on a resin 
film 46. 

55 The present invention can also be applied to a 
transmission liquid crystal display device having no 
reflecting film. For example, in each of the arrange- 
ments of FIGS. 1 and 6 to 9, when transparent 



8 



15 



EP 0 647 870 A2 



16 



substrates are used as the active element substrate 
11 and the counter substrate 12, and the transpar- 
ent electrodes are used as the pixel electrodes 13 
and the counter electrode 20. a transmission de- 
vice can be obtained. 5 

The polymer dispersed liquid crystal film 30 in 
the above emttodiment has a structure in which the 
cholesteric liquid crystal 32 is confined in each 
space in the polymer resin 31 having a network-like 
sectional structure. However, the polymer dis- io 
persed liquid crystal film 30. as shown in FIG. 11. 
may have a structure in which liquid crystal capH 
sules obtained by micro-encapsulating a 
cholesteric liquid crystal are dispersed in a poly- 
mer resin film. 15 

The polymer dispersed liquid crystal film 30 
having the structure shown in FIG. 11 can be 
formed using the at>ove phase-separation method 
when the content of the cholesteric liquid crystal 
with respect to a polymer material Is set to be 40 20 
to 60%. 

In addition, an encapsulated liquid crystal ma- 
terial is fonmed using the known method disclosed 
in U.S.P. No. 4.435.047 (Fergason) or the like. An 
encapsulated liquid crystal material 33 is mixed 25 
into an aqueous polyvinyl alcohol (PVA) solution, 
and the resultant mixture is coated on one sub- 
strate and dried, thereby forming polymer dis- 
persed liquid crystal film 30. Thereafter, the other 
substrate may be adhered to the resultant structure 30 
via a spacer and a seal member. 

In the above embodiment, an active matrix 
polymer dispersed liquid crystal display device us- 
ing the active elements 14 as TFTs has been 
described. The present invention can also be ap- 35 
plied to an active matrix polymer dispersed liquid 
crystal display device using MIMs or the like as 
active elements. 

The present invention can also be applied to a 
simple matrix polymer dispersed liquid crystal dis- 40 
play device in which, as shown in FIG. 12. a 
common electrode 52 is arranged on one substrate 
51 , and segment electrodes 54 opposing the com- 
mon electrode 52 are arranged on the other sub- 
strate 53. Tfie fluorescent film 21 is mounted on 45 
the segment electrodes. When the simple matrix 
liquid crystal display device is to be multiplexed 
and driven, the bright display can change into a 
dari< display within a short time. For this reason,, 
the simple matrix liquid crystal display device can so 
be driven at a high duty ratio. 

In addition, the present invention is not limited 
to the above embodiment, and various modifica- 
tions and applications of the present invention can 
be effected. 55 



' Claims 

1. A polymer dispersed liquid crystal display de- 
vice comprising: 

a pair of substrates (11. 12) anranged to 
oppose one another and having electrodes (13, 
20) respectively formed on opposing surfaces 
of said pair of substrates; and 

a polymer dispersed liquid crystal film 
(30) arranged between said pair of substrates 
(11, 12), characterized in that said polymer 
dispersed liquid crystal film is formed by dis- 
persing a polymer resin (31) and a cholesteric 
liquid crystal (32). 

2. A device according to claim 1, characterized in 
that said cholesteric liquid crystal (32) is a 
guest-host type liquid crystal containing a 
dichroic dye (MB). 

3w A device according to claim 1 . characterized in 
that said polymer resin (31) has a network-like 
structure, and said cholesteric liquid crystal 
(32) is filled in the network-like structure. 

4. A device according to claim 1 , characterized in 
that said polymer resin (31) contains micro- 
capsules (33), and said cholesteric liquid cry- 
stal (32) is filled in said microcapsules (33) in 
said polymer resin. 

5. A device according to claim 1, characterized 
by further comprising a fluorescent film (21), 
arranged between said pair of substrates (11, 
12) to correspond to said electrodes (13, 20), 
for emitting fiuorescent light. 

6. A device according to claim 1, characterized in 
that said polymer dispersed liquid crystal film 
has a plurality of domains of said cholesteric 
liquid crystal (32) in said polymer dispersed 
liquid crystal film (30). and a mean diameter d 
of said liquid crystal domain is larger than a 
helical pitch p of said cholesteric liquid crystal 
(32). 

7. An active matrix polymer dispersed liquid cry- 
stal display device comprising: 

a first substrate (1) on which active ele- 
ments (14) and pixel electrodes (13) respec- 
tively connected thereto are arranged in the 
form of a matrix: 

a second substrate (12) arranged to op- 
pose said first substrate (11) and having a 
counter electrode (20) formed on a surface, of 
said second substrate (20). opposing said first 
substrate (11); and 

a polymer dispersed liquid crystal film 
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(30) arranged between said first substrate (11) 
and said second substrate (12) and fonnned by 
dispersing a polymer resin (31) and a 
cholesteric liquid crystal (32). 

8. A device according to claim 7, characterized in 
that said cholesteric liquid crystal (32) Is a 
guest-host type liquid crystal containing a 
dichroic dye (MB). 

9. A device according to claim 7. characterized 
by further comprising a fluorescent film (21). 
arranged between said first sut»strate (11) and 
said second substrate (12) to correspond to 
said pixel electrodes (13). for emitting fluores- 
cent light. 

10. A device according to claim 9. characterized In 
that said fluorescent film (21) is formed on said 
second substrate (12). 

11. A device according to claim 10. characterized 
in that said counter electrode (20) consists of a 
light-reflecting conductive material, and said 
fluorescent film (21) is formed on a counter 
electrode (20) side. 

12. A device according to claim 9, characterized in 
that said fluorescent film (21) is formed on said 
first substrate (11). 

13. A device according to claim 12. characterized 
in that each of said pixel electrodes (13) con- 
sists of a light-reflecting conductive material, 
and said fluorescent film (21) is formed on a 
pixel electrode (13) side. 



electric field to display an image; and 

electric field applying means (13. 14, 20) 
for applying an electric field to said polymer 
dispersed liquid crystal film (30) in accordance 
5 with the display image. 

17. A device according to claim 16. characterized 
in that said cholesteric liquid crystal (32) con- 
taining a dichroic dye (MB), and said polymer 
10 dispersed liquid crystal film (30) controls scat- 

tering, absorption, and transmission of incident 
light in accordance with an applied electric 
field to display an image. 

15 



20 



25 



30 



35 



14. A device according to claim 7, characterized 
by further comprising reflecting means (45) for 
reflecting light incident thereon, arranged out- 4o 
side one of said first substrate (11) and said 
second electrode (12). 



15. A device according to claim 7, characterized in 
that said polymer dispersed liquid crystal film 45 
has a plurality of domains of said cholesteric 
liquid crystal (32) in said polymer dispersed 
liquid crystal film (30). and a mean diameter of 
said liquid crystal domain is larger than a hel- 
ical pitch p of said cholesteric liquid crystal so 
(32). 



16. A polymer dispersed liquid crystal display de- 
vice comprising: 

a polymer dispersed liquid crystal film 55 
(30). including a cholesteric liquid crystal (32). 
for controlling transmission and scattering of 
incident light in accordance with an applied 
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